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Swarary

This report coataingz artificial aerodvnamic characterictics
of @ get of proncller cecticns +o be used in designing pronel-

lers by means of tae rlade element theory. Characteristics com-

ci

puted frou model proneller tasits for o gingle section are ex—

terdol to cover sections of all thicknesses by means of model
ving Testo on a series of Navy propeller gsections at high Rey-
nolls Fumber in the variable density tunnel of “he Nation

Advicory Cornittce for Aeronautics.

Introduction

Designing promclliers by means of the blade element thecory
requires the knowledse of asrod - namic characteristics which tru-

~

he airfoll . ciions. Airfoirl characteristicg ob-

Lol

1y reprecsent
tained from wind tunncl riodel wing tCets arc often used for

lack of bettor information. Theee, towever, arc not directly

[ e

appiilcable to seoments of revolvine prcpeller blades. Better

D
results arc obvtaincd by using cholacteristics that have bcen
calsulated from medel propeller tests. Such charactoristiocs have

- -
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been deternined for a limited number of sections (Reference

Theor are extended %o cover szctions of all practicable
thicimesces by neans of molel wing tests on a ceries of Tevy
oroveller sectionc (Reference 1).

A

nece tests were made in the veriadle density wind tunncl

L8]

of the Naticnal Advisory Committec for Aeronautics. The sec-
tions were tcstad at two tank pressurcs, one atmogphere and

twenty atmospheres, the Iovnoids umber at the latter pressure
corresponding to etont the raximum found in propellers. The
shapes of all the seri’o.s wre derivel Tron a standard curve
(Fig. 5§) in such a »unvcs that the ratio of corresponding ordi-
nates tc¢ the waximmm ordinate rema’ns thle sware. The cambers or
maximum crdinetes in ftecrms of the chord of %he six sections
tested were, .02, .08, .10, .13, .18 and .00. These cover the
range of flat faced sections uzuwlly found in vropellers. .o
camber of .04 is slightly Tecs thon is used in the thinnest
meval propellers at the present time, and .20 is about the car—
ber usually found at half the radius in wooden propellers.
Yhese sections, sometimes slightly modified, have bcen wide-
ly used in prepellers in this country and abroad. This ronort

gilves treir acrodmamic chamacterictics as provzller scctions

te be used In the »ladc clement theory.
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Scalc Effect

Consider an 11 ft. propeller of average wooden construction
revolving at 180C revolutione ver miaute. The mosat effective
sections, those From akout 60 to 8C ver ceant of the rac.ius, are
operating at a Reynolds Number of about &,e00,000, which is
the sawe as that of the croneller sections tested at twenty at-
mospheres. Near ‘the tip of thkz prepeller and at about half the
radius the Reynolds dveber drops to approxinately 3,000,000.

Fiz. 1 ghows a sct of Cp and O curves at 1 and 30 atmos-

vheres for each section tosted. Over

the working range the

curves for all but the thickest section lie quite close tozether,

iniicating that the scale effe with change of Reoynolds Ifurber
ig neuglisible. Le tests on the thickest ssction chow a Inzee

decreace in both the 1ift and drag coelficicnts at the higher
Reynolds Jumber.

It is ¥nown that when coerating in pronellers, the 1ift and
drag cocfficients of airfoil sections increcse ac their so ced
relatvive to the air is insreased, and this incrcase bHecomes
greater as the velocity apnroaches that of sound (Reference 2).
Since increasing the Revinids Mumber 4ends Lo decrease +these
coefficlients where i% a7ifeccts them at all, it follows that this
increase in thz coefficien*s must be due entirely to the compres-

cipility of the air.
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Propeller Section Characteristics for Use

With the Blade Zlement Theory

Airfoll chazacterictics obtained Trom wind funnel model
wing tects are not divectly applicable 4o aizfoil sections in
& propcllier, for the cco'itions of oparaticn are quite differ-
ent. The mocdel airfoils are vsually rect aagular in plan forn,
the characteristics mersured being the average for the whole
span. Scctlons in provellors usvally Yary in chord and camber

tics az used in

L

along the radius, and <he airioll characteris
the blade clement theory armply to an infinitely small clenent
of the span. Furthermore, as Dr. Munk of the staff of this
sawitteoe has polnted out, *the centrifugal effe on those par-
ticles of air which come in contact with tne revolving blades
mey causc a differcnce in the air flow.

In order to obtain characterictics which moTe acour ately
represent sections working in a propeller, the valuss of CL

ler test data (Reference

}..J

and L/D have beoen corouted from prope
3). The propellors testol have standard Nowy secticns, the

Cp, end L/D curvcs being caleulated for o few sections of wedium
carber. These curves fo: fthe sectlon haviny o comber of .13

are snown in Flg. 2. The curves cbtained in the variable density
wincd tumnel tests ot 20 atmospheres for she seotion having a
comber of .12 are also shown in Fig. 2. It will be noticed that
the 1ift curves are parallel, but the angle of attack for zero

E)

1ift is about 1 degree lower for the curve calculated from the
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oropeller teste.

It scems reasonable to assume that the variation of 1ift or.

[0}

drag with section thickness is the same for wing sections and
propeller sections. Therefore, for proveller work, a set cf
chazracteristics for these sections covering the full range of
thickness might be based on the curves calculated from “he nTOo-
reller tects for a camber of .12 and the variation for other
cambers obtained frem thz airioil secition tesis in the variable
density tunnel. TFir. 3 chows a s2t of such curves which have
been faired and cross faired. The 1ift coefficient at 20 atmos—
pheres for each sectioa %coted has been obtained in relation to

that for the section ¢f camber .12 a* each ansle of attack.

The faired curves for thig relation (— U1, _ ) plotted
Cg icr camber .12

against camber are chown in Fig. 4. The values of the 1ift

coefficients for all cambers evcepting .12 shown in Fig. & have

been odtained through Fig. 4. The values of L/D in Fie. 3

have becn obtained in like manner.

Thicz provides a set of propeller section characteristics
to be used with any accurate form of the blade element thcory
which talkcs into account the inflow and the blade interference
(Reference 4). For all excepting the thickest sections they
may be used for any Reynolds Number, but compressibility of the

air at speeds approachizy that of scund is not taken into ac-

count.
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Comparicon of Havy Propeller Secticns with Other Airfoil Sections

Testec a2t w11 Scale Reynolds Wumber

In Fig. € the maxinun L/D found in the variable density
tunnel at 30 atmosphsrcs for each of the Navy propeller sections
is plotted cgainst section camber. It will be noticed that ex—
cept 7or the thiunest section they all plot close to a straight
line. It was nezcessary +o use a different method of supvorting
the section having a camber of .04 in the test due to its ex-
treme {hianess, so the high L/D found for it is probably due
to an error in the drag reading. It is possible, however, that
tne sections show rapid improvement as the camber is reduccd
from .02 to .04.

The maximum values of L/D of some other sections which
have been tested under the same conditions in the variable den-
sity tunnel are also pleotted in Fig. 8. Each of the values is
hipher than trat of the propeller section having the same camber,
indicating that for full scale Reynolds Number, better propeller
sections could be designed for all cambers with the possible ex—
ception of the extrerely low ones. More complete investigation
has shovm that this holds true over the entire working range of
the sections and not merely for the point of maximum L/D. The

use of propeller sections similar to the Clark Y or the U.S.:4.

25~-B should result in an increase in propeller efficiency of

ae]

fron to 3 per cent over Navy propeller sections. If this ig
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confirand in propaeller tosts, full scale tests on a family of
liproved propeller seciicrs would be a 2elp to propeller de-

gil:n0ers.

Conclusiors

L. Seale efest with chence of Royrolds Musber is negli-

gible Zor all excentiag verr thick Savy propeller seciiors.

S« A sct of TYirv pron2ller sootion charectoristics is

e

glven to Te ured 1n covrestion with the tiele eloment theorv.
3e Thare sooxs 90 e a Possil i1t of fnerecsing propel-
ler efficiencies frem o +o0 3 Ter cent by the use of bestter

scetiong.
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